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Extraction of Nucleic Acids 

The present invention relates to a method of isolating nucleic acids, particularly 
5 DNA, from biological mixtures. 

The isolation and amplification of nucleic acids is used in many applications, for 
example in the detection and diagnosis of genetic and infectious disease, in forensic 
medicine, in the identification of new genes or allelic variations or mutations and in 
10 aiding routine genetic manipulation e.g. sequencing. 

Amplification techniques such as polymerase chain reaction (PCR) are widely used 
and have proved very useful in a range of applications, however PCR cannot be used 
directly on clinical samples as the samples contain substances which inhibit the 
15 amplification enzyme and the presence of red blood cells presents a particular 
problem. 

In order to overcome this problem the nucleic acids are isolated from the samples 
before amplification etc. 

20 

A known method in which nucleic acids may be separated by charge differences uses 
gel electrophoresis. This is performed by adding the sample to a well in the gel and 
applying a voltage e.g. 100 volts, 60amps, through the gel, the nucleic acids gradually 
migrate through the gel depending on their molecular size. This method of separation 
25 is intended for analytical techniques relating to molecular size rather than extraction, 
since the nucleic acids are retained in the gel and would require further purification. 

The present invention provides an improved method for separating of nucleic acids 
by electrical charge without using a gel. 

30 
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According to the invention there is provided a method for separating nucleic acids 
from liquid mixtures containing them which method comprises forming a positively 
charged surface in the liquid and forming an electric field through the liquid to cause 
nucleic acids to migrate towards the positive charged surface and binding the nucleic 
5 acids to the positively charged surface. 

The invention also provides a method for separating nucleic acids from liquid 
mixtures containing them which method comprises passing an electric current 
through the liquid to form a positively charged surface in contact with the liquid to 
10 cause nucleic acids to migrate towards the positive charged surface and binding the 
nucleic acids to the positively charged surface. 

The positively charged surface is formed, to which the nucleic acids migrate and 
become bound so that, after period of time, the surface can be removed and the 
15 nucleic acids separated. 

The nucleic acids, having a negative charge at physiological pH e.g. above pH 5 for 
example pH 5 to 9, will be attracted to a positively charged surface, and preferably 
the liquid is preferably buffered to maintain it at physiological pH. After washing 
20 away contaminants, the nucleic acids can be removed from this surface for analysis 
using PCR or other techniques. The nucleic acids can be released by turning off the 
current or reversing the polarity or by washing. 

The nucleic acids bind to the positively charged surface by virtue of their negative 
25 charge, and the force binding them to the surface can be the electrical attraction 
between the negatively charged nucleic acids and the positively charged surface. 

In one embodiment of the method of the invention a sample containing cells is 
diluted in a lysing reagent that releases the nucleic acids into a liquid and a current or 
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potential difference (i.e. an electric field) is then applied through the liquid using a 
technique in which a surface with a positive charge is generated. 

When an electric field is generated across the tube or vessel containing the liquids in 
5 which there are the nucleic acids, the nucleic acids will then move to the sides of the 
tube or vessel according to the local flux. The electric field can be applied from 
outside the tube or vessel. 

An electric current can be generated by having electrodes in contact with the liquid 
10 and the voltage can be in the order of 20 volts e.g. 5 to 50 volts so that an electric 
field is set up between the electrodes. 

The electrodes can be in any convenient form, for example they can be made from an 
inert metal or conductive plastics material such as a plastic containing conductive 
15 particles such as graphite. This electrode can be made from an inert plastics material 
such as a polypropylene. The conductive material can be incorporated in a filter, 
membrane or pipette tip etc. through or across which the liquid containing the nucleic 
acids is passed so that the nucleic acids become bound to the filter, membrane or 
pipette tip etc. 

20 

An electrode e.g. metal electrode can be covered with a porous plastic material such 
as dialysis tubing so that the liquid forms a conductive path through the tubing, the 
nucleic acids then migrate to and become bound or attached to the tubing whilst the 
electric current is flowing and the bound nucleic acids can subsequently be removed. 

25 

In an embodiment of the invention a pipette incorporates a conducting tip through 
which an electric current can be conducted, in this case the conducting pipette tip can 
be used to bind DNA by either having a two pipettes in the same sample vessel or 
tube and passing a current between them, so the nucleic acids will become bound to 
30 the positively charged pipette tip. Alternatively the sample tube can be modified e.g. 
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it is modified with metal electrodes or the sample tube has conducting material 
incorporated in the tube itself so that current is passed through liquid with the pipette 
tip as the positive electrode. 

5 For very small samples, where a small quantity of nucleic acids is present, e.g. viral 
RNA from serum, a conducting material may be included in a PCR tube or plate such 
as the wells in a 96 hole plate. If the PCR tube or plate is made positive relative to a 
negative electrode or tip dipping in the solution containing the nucleic acids, the 
nucleic acids will bind to the tube walls or plate, allowing the contaminants to be 
10 washed away. The bound nucleic acids may then be released by switching the charge 
off and the DNA is ready for PCR in the same tube. 

Thus the invention can be performed in a variety of formats for large or small 
samples and in an automated system. 

15 

The invention is particularly useful for separating nucleic acids from liquids which 
contain other material such as cell debris obtained from lysing cells, etc. which is not 
negatively charged. 

20 One embodiment of the invention is the isolation of DNA from whole blood as 
described in the example. 

Example 

25 3ml of whole blood was mixed with 30ml of lOmM Ammonium bicarbonate and 5% 
Tween 20 with lOmM Tris HC1 pH 9, proteinase K 200 ^ig/ml. To form a buffered 
solution containing nucleic acids lysed from the blood cells. Conductive electrodes 
made of copper were covered with dialysis tubing containing the same buffer without 
the protease and dipped into the diluted sample. A power unit was used to apply a 

30 voltage of 20V between the electrodes and then left to run for 1 hour. The positive 
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electrode was then washed in the same buffer and the power switched off. It was 
found that nucleic acids from the blood had been separated from the liquid and 
bound to the positively charged electrode and the DNA was then released into a 
working buffer ready for PCR. 
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Claims 

1. A method for separating nucleic acids from liquid mixtures containing them which 
method comprises forming a positively charged surface in the liquid and forming an 

5 electric field through the liquid to cause nucleic acids to migrate towards the positive 
charged surface and binding the nucleic acids to the positively charged surface. 

2. A method as claimed in claim 1 in which an electric field is generated through the 
liquid containing the nucleic acids from outside the vessel containing the liquid. 

10 

3. A method as claimed in claim 1 which method comprises passing an electric 
current through the liquid to form a positively charged surface in contact with the 
liquid and to form an electric field through the liquid. 

15 4. A method as claimed in claim 3 in which the electric current is generated between 
electrodes in contact with the liquid containing the nucleic acids. 

5. A method as claimed in claim 4 in which the positive electrode is made from a 
conductive plastics material 

20 

6. A method as claimed in claim 5 in which the conductive plastics materials 
comprises an inert plastics material containing conductive particles. 

7. A method as claimed in any one of the preceding claims in which a conductive 
25 material is incorporated in a component through or across which the liquid containing 

the nucleic acids is passed and the conductive material forms the positive surface. 

8. A method as claimed in any one of the preceding claims in which a conductive 
material is incorporated in a pipette tip which conductive material comprises the 

30 electrode. 
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9. A method as claimed in claim 8 in which two pipettes are placed in a liquid 
containing nucleic acids in a vessel or tube and an electric current is passed between 
the pipettes so the nucleic acids become bound to the positively charged pipette tip. 

5 10. A method as claimed in claim 8 in which the pipette is placed in a liquid 
containing nucleic acids in a vessel or tube and an electric current is passed between 
the pipette as the cathode and there is an anode spaced apart from the pipette tip so 
the nucleic acids become bound to the positively charged pipette tip. 

10 1 1 . A method as claimed in any one of claims 1 to 6 in which a conducting material is 
included in a PCR tube or plate which is made positive relative to a negative 
electrode or tip dipping in the solution containing the nucleic acids and the nucleic 
acids bind to the tube walls or plate. 

15 12. A method as claimed in any one of the preceding claims in which the nucleic acid 
is separated from cells and in which a sample containing the cells is diluted in a 
lysing reagent that releases the nucleic acids and the current or electric field is then 
applied through the liquid so formed. 



20 
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